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EXECUTIVE SUMMARY

The Materials Science Research Rack-1 (MSRR-1) is a furnace facility payload for performing

crystal growth and related experiments that will be installed in the lab module of the International Space

Station by 2003. The MSRR-1 uses the Active Rack Isolation System (ARIS) to minimize vibrational

accelerations on the experiment modules. The ARIS requires additional holes through the rack shell for

the control rods. Without the ARIS, the area of holes and gaps in the rack shell is 129 cm 2 (20 in2). The

ARIS adds 148 cm 2 (23 in2), more than doubling the area of holes and gaps. Previous fire suppressant

distribution testing was performed on non-ARIS configured racks; e.g., Space Station Furnace Facility

(SSFF) and Expedite the Processing of Experiments to the Space Station (EXPRESS), so, the effects

of the ARIS on fire suppressant distribution had not been tested.

To verify the fire suppression scheme for the MSRR-1, two tests were performed to map the

distribution of carbon dioxide (CO2) fire suppressant throughout a mockup of the MSRR-1 when dis-

charged from a flightlike portable fire extinguisher. The components of the MSRR-1 were simulated

with metal mockups having the same volumes, and insulation was installed in the side panels where it

will be installed in the flight rack, to provide the same air volume and flowpath restrictions. An array

of nine CO 2 monitors was installed, evenly distributed throughout the rack including locations expected

to be difficult for CO 2 to reach.

The test requirement states that CO 2 concentrations throughout the rack must reach at least

50 percent within 1 min of beginning of discharge. To address gravitational effects, the rack was rotated

to a back-down orientation and the readings from all sensors were averaged to provide a more represen-

tative comparison with the on-orbit condition.

The results show that the requirement was met. The first test was performed on February 6,

2001. The lowest maximum concentration was 59 percent and the average for the rack was 60 percent,

achieved within 45 s of discharge initiation. It is anticipated that experiment furnaces will be replaced

over the lifetime of the MSRR-1, but the future designs are not yet known. To ensure that future experi-

ments will meet the CO 2 concentration requirement, the Space Products Development experiment

mockup was removed, thereby increasing the free air volume in the rack and providing a worst-case

configuration. The test was repeated on February 7. The lowest maximum concentration was 49 percent

at one location, due to gravitational effects and dilution with the additional air volume. The average for

the rack was 58 percent, comfortably exceeding the required minimum. Therefore, even with the ARIS,

the MSRR-1 meets the requirements for fire suppression.

°°°
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TECHNICALMEMORANDUM

MATERIALS SCIENCE RESEARCH RACK-1 FIRE SUPRESSANT

DISTRIBUTION TEST REPORT

1. INTRODUCTION

The Materials Science Research Rack-1 (MSRR-1) is a furnace facility that will be installed

in the U.S. Lab module of the International Space Station in 2003. The MSRR-1 will enable a variety

of crystal growth and related experiments to be performed. The rack is designed to allow experiment

modules to be replaced. The initial configuration includes two furnaces that may operate simultaneously.

Fire safety, a key requirement for all powered racks, must be verified prior to acceptance for

flight. 1 To suppress a fire, the free-volume oxygen level in the rack must be reduced to <10.5 percent by

volume. 2 The test requirement for distribution of carbon dioxide (CO2) is 50-percent CO 2 concentrations

throughout the rack within 1 min of initiation of discharge of the portable fire extinguisher (PFE).

Suppressant distribution depends on the nozzle design and rack packaging. The MSRR-1 has two key

differences from racks previously tested for fire suppressant distribution that may affect the required

CO 2 concentrations:

(1) MSRR-1 includes the Active Rack Isolation System (ARIS) that requires additional

penetrations of the rack shell, increasing the vent area by =148 cm 2 (23 in 2) (more than

doubling the amount of vent area without the ARIS).

(2) MSRR-1 does not include an Avionics Air Assembly (AAA) or the associated ducting,

which reduces the free air volume significantly.

No previous fire suppressant distribution testing on an Intemational Station Payload Rack (ISPR)

with this configuration has been identified, so testing on the MSRR-1 was indicated. Mockups of the

MSRR-1 components were fabricated of metal and installed in a flight-qualified ISPR for testing (see

fig. 1). Faceplates similar to the flight design were installed with the fire suppressant access port, located

as shown in figure 2, below the Thermal and Environmental Control System (TECS) shelf, near the

center post.



Alpha EM(SPD) BetaEM(MSL)

FireSuppressant Sensor
Access Port Tubes

Figure 1. MSRR-1 simulator for fire suppressant distribution testing.

Fire Suppressant
Access Port

0

Figure 2. Location of fire suppressant access port on faceplate.
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2. TEST REQUIREMENTS

In order for this test to serve as validation of the final flight configuration, the volumes of the

components, the distribution of the volumes, and the flowpaths for the CO 2 fire suppressant must closely

simulate the flight configuration. Any differences must be conservative. Two tests were performed--

one with the Space Product Development (SPD) simulators and one without the SPD simulators. The
second case is more conservative and is intended as a worst-case scenario to accommodate future

SPD experiment modules. (The initial SPD furnace is from The University of Alabama in Huntsville.)

The various test requirements axe explained in sections 2.1-2.6.

2.1 Rack Requirements

A high-fidelity mockup of the MSRR-1 was installed in an ISPR. The mockup mirrored the

volumes and positions of components, placement of thermal/acoustic insulation, wiring and tubing,

faceplate, and sealing of the rack. Simulators for the SPD and Materials Science Laboratory (MSL)

experiment modules were fabricated, as well as simulators of the Rack Support System (RSS), TECS,
and the ARIS.

The rack was oriented horizontally, back down, to minimize gravitational effects that cause

settling of the CO 2.

2.2 Safety Requirements

Since during discharge the PFE gets very cold due to expansion of the CO 2, gloves and other

protective measures; e.g., goggles, were provided for the operator. An oxygen monitor was also provided

for the PFE operator.

2.3 Facility Requirements

The test required a high bay facility with the capability of rack rotation, since the MSRR-1 must

be oriented horizontally, with the back down. 3 The Microgravity Development Laboratory (MDL) was

selected for performing this testing.

Charging the PFE requires a CO 2 supply sufficient to fill the PFE with 2.7 kg (6 lbm) CO 2

to 5.9 MPa (853 psia) at 21 °C (70 °F) with a regulator to control the fill rate. During the PFE charging

process, as shown in figure 3, it is necessary to monitor the PFE temperature and measure the mass

of CO 2 entering the PFE using an electronic scale.



Figure3. Setupfor chargingthePFE.

2.4 Support Equipment Requirements

The qualification PFE, shown in figure 4, was obtained from Kennedy Space Center. This PFE

was recertified in 2000 for an additional 50 cycles and was filled according to the PFE fill procedure. 4

Equipment needed to fill the PFE includes a flow meter, a scale to weigh the PFE during filling, and a

temperature sensor to monitor the temperature of the PFE during filling, as well as the fittings and hoses
delivered with the PFE.

The PFE nozzle has eight radial holes and one axial (in the tip) hole, so most of the CO 2

is dispersed nonpropulsively in a 360 ° pattern.

Figure 4. Portable fire extinguisher.
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2.5 Carbon Dioxide Monitoring

The CO 2 monitors used for this testing, shown in figure 5, axe the same monitors that were used

for previous fire suppression testing for the Space Station Furnace Facility (SSFF), standoffs, end cones,

etc. These monitors axe packaged in three suitcase-type cases, three to a case, totaling nine sensors.

Tygon®-type tubing is used to draw air from the locations being monitored to the monitors (see fig. 1).

Tubes axe the same length for each monitor to ensure simultaneous readings. The monitors include

pumps to draw the air at 1.5 L/min, so there is minimal time lag for the measurements. Data axe recorded

every 5 s on strip charts for each monitor. The monitors were calibrated at zero-, 50-, and 100-percent

CO 2 and certified for use. Each monitor was also field checked using ambient air as "zero" and bottled

CO 2 as "100 percent" to ensure that the chart paper was properly aligned. The accuracy of the CO 2

monitors is +2 percent.

The sampling points were distributed throughout the rack, attached at locations where CO 2 will

have difficulty reaching; i.e., behind boxes or plates and at the furthest possible distances from the

access port, in order to provide a conservative test.

Figure 5. Setup of the CO 2 monitors.



2.6 Other Test Requirements

To obtain information needed for structural design evaluation, temperatures and pressures in the

rack were also measured. Temperatures were measured at six locations and pressures were measured

at four locations (as listed in table 1).

Table 1. Location of sensors (T, P).

Sensor Location

T1

T2

T3

T4

T5

T6

Pl

P2

P3

P4

Nearthe top left rackfront

Nearthe top right rack rear

Nearthe bottom left rackfront

Nearthe bottom right rack rear

Nearthe PFEaccessport wherethe
thermocouple will be in or nearthe CO2flow

19.0

83.8

6.4

95.3

36.8

Coordinates,cm (in)

x y

(7.5) 185.4 (73.0)

(33.0) 180.3 (71.0)

(2.5) 43.2 (17.0)

(37.5) 63.5 (25.0)

(14.5) 76.2 (30.0)

12.7 (5.0)

67.3 (26.5)

18.3 (7.2)

67.3 (26.5)

15.7 (6.2)

On externalPFEtank

Sameas T1

Sameas T2

Sameas T3

Sameas T4

19.0

83.8

6.4

95.3

(7.5)

(33.0)

(2.5)

(37.5)

185.4 (73.0)

180.3 (71.0)

43.2 (17.0)

63.5 (25.0)

12.7

67.3

18.3

67.3

(5.0)
(26.5)

(7.2)

(26.5)



3. DESCRIPTION OF THE TEST ARTICLE AND SETUP

The test article was prepared by modifying a mockup prepared for vibration testing. The mass

simulators for the internal components were modified, where feasible, to provide volumes similar

to the flight design. In some cases new volume simulators were fabricated, and plates with holes were

fabricated to simulate wiring and plumbing. Acoustic insulation was installed where it may affect the

flow of CO 2 fire suppressant, on the side panels where the gap between the shelf rails and the shell

of the rack is partly filled by the insulation. The dimensions, volumes, and locations of the simulators

are listed in table 2. The coordinates are measured from the lower left front comer where the side,

bottom, and front post planes intersect, as indicated on figure 6

Table 2. MSRR-1 volume simulators.

Description

SPDfurnace

SPD plate

SPDvideo box

SPD box

TECSshelf

TECSboxes

RSSshelf

RSSbox

SPD routing

MSLfurnace

MSL box

MSL box

MSL plate

MSL box

MSL box

MSL box

MSL routing

MSL routing

Dimensions
(cm)

94 Lx21 D

1.3 x 76x 33

5x29x13

33x22x13

0.64 x 61x 44

4 * 15x 25 x 2.5

0.64 x 61x 44

53x24x15

0.64 x (46 x 66 -

25.4 D - 9*3.8 D)

75 Lx36 D

56x 25.4x 41

56 x 25.4 x 15 (in

front) x 8 (in rear)

1.9x56x43

27×11 ×18

34x37x11

8x10x33

0.64 x (41 x 91 -

24*3.8 D holes)

0.64 x (27 x 46 -

9* 3.8 D holes)

Dimensions Volume Volume
(in) (liter) (in3)

37 L×8.25 D 32.4 1,978.0 22.0 (8.5)

0.5x30x13 3.2 195.0 28.0 (11.0)

2x11.5x5 1.9 115.0 38.0 (15.0)

13x8.5x5 9.1 552.5 28.0 (11.0)

0.25 x 24 x17.25 1.7 103.5 28.0 (11.0)

4*6x10x1 3.3 240.0 28.0 (11.0)

0.25 x 24 x17.25 1.7 103.5 28.0 (11.0)

21x9.5x6 19.6 1,197.0 28.0 (11.0)

0.25x(18x26- 1.8 111.0 28.0 (11.0)

10 D- 9"1.5 D)

29.5Lx14D 74.4 4,541.0 77.5 (30.5)

22x10x16 57.7 3,520.0 76.0 (30.0)

22 x 10x 6 (in 16.2 990.0 76.0 (30.0)

front) x 3 (in rear)

0.75x22x17 4.6 280.5 76.0 (30.0)

10.5x4.25x7 5.1 312.0 67.0 (26.5)

13.5x14.5x4.5 14.4 881.0 76.0 (30.0)

3x4x13 2.6 156.0 74.0 (29.0)

0.25x(16x36- 2.2 133.0 78.0 (30.5)

24"1.5 D holes)

0.25x(10.5x18- 0.7 43.0 67.0 (26.5)

9"1.5 D holes)

Subtotalfor boxes

Add 19% for rails and brackets

TOTALVOLUMEof simulators

Coordinatesto Centerof Item
cm (in)

x y z

133.0 (52.5)

131.0 (51.5)

100.0 (39.5)

131.0 (51.5)

81.0 (32.0)

76.0 (30.0)

63.5 (25.0)

55.0 (22.0)

61.0 (24.0)

108.0

155.0

180.0

69.0

76.0

46.0

63.5

89.0

76.0

(42.5)

(61.0)

(71.0)

(27.0)

(30.0)

(18.0)

(25.0)

(35.0)

(30.0)

15.2 (6.0)

53.3 (21.0)

39.4 (15.5)

45.7 (18.0)

40.0 (15.7)

34.3 (13.5)

40.0 (15.7)

39.4 (15.5)

76.2 (30.0)

39.4

38.1

33.0

39.4

24.1

27.9

49.5

76.2

24.1

253.2 15,452 in3= 8.9ft3

48.1 2,936in 3=1.7ft 3

301.3 18,388 in3= 10.6ft3

(15.5)

(15.0)

(13.0)

(15.5)

(9.5)

(11.0)

(19.5)

(30.0)

(9.5)
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FireSuppressanl
AccessPort

[] []

Figure 6. CAD model of the MSRR-1 mockup showing sensor locations.

The volume of an empty ISPR (six-post configuration with side and center posts) is 1.51 m 3

(53.3 ft3). The volume of the MSRR-1 component simulators, including rails and brackets, is 0.30 m 3

(301.3 L) (10.6 ft3). The free air volume in the initial MSRR-1 configuration is therefore 1.21 m 3

(42.7 ft3). With the SPD simulators removed, the component volume is 0.25 m 3 (9.0 ft3), and the free air

volume is 1.26 m 3 (44.3 ft3). The ISPR has numerous leak paths that allow air to escape while CO 2 is

injected. The holes and gaps in the ISPR shell are listed in table 3. Figures 7-13 show examples of the

holes and gaps. The inclusion of the ARIS adds several holes, primarily in the utility interface panel

(UIP), as shown in figure 10.
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Figure 7. Gaps at the top of the rack near the side post (left)

and center post (right).

Figure 8. Gaps at the bottom of the faceplate.
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Figure9. Gapsatthebottomrearof therack.

Figure10. Oneof twoholesfor theARISin theUIR
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Figure11. Gapsatthebottomof thecenterpost.

12
Figure12. Gapsatthetopof thecenterpost.



Figure13. Gapsatthetopleft comerof thefaceplate.

Theresultsof thesetestsareveryconservativefor thefollowingreasons:

TheTECSshelfmockupis asolidplate(fig. 14)thatobstructstheflow of CO2,while theflightTECS
shelfhasnumerousholes,allowingCO2to dispersemorebroadly.(Seefig. 15of theMSRR-1half-
scalemodel.)

Settlingof CO2dueto gravityis minimizedbytestingtherackhorizontally,butis still a factor.
Tocorrectfor thiseffect,themeasurementsfromthedistributedmonitoringlocationswereaveraged
to provideamorerealisticconcentrationvalue.

• Morefreeair volumeis presentin thetestedunitsthanin thefinal flight configuration,especially
for thesecondtestcase.

13



FireSuppressant
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Figure 14. TECS shelf simulator.

Figure 15. TECS shelf model.
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4. PERFORMING THE TESTS

The tests were performed in the MDL with the rack in a horizontal, backdown orientation. 5

The following steps were performed:

1. Field check the calibration using ambient air (approximately zero percent) and bottled CO 2

(-_100 percent).

2. Check tubing installation and connections.

3. Activate monitors, if not already activated.

4. Ensure monitors axe stable and recording properly.

5. Insert the PFE nozzle into the access port 8 to 10 cm (3 to 4 in).

6. Discharge the PFE until the full charge of CO 2 is injected into the rack.

7. Mark the times on the paper strips when CO 2 discharge begins and when it concludes.

8. Determine the peak CO 2 levels, based on the pretest calibration, at each monitoring location.

Two cases were tested. The first case included the SPD simulators, and for the second case

the SPD simulators were removed, leaving an open space in the upper Alpha side of the rack.

15



5. TEST RESULTS

The measured CO 2 concentrations are shown in tables 4 and 5 and plotted in figures 16 and 17.

The CO 2 concentrations throughout the rack reached 59 percent or higher for the first test, with a maxi-

mum average of 61 percent for the rack. For the second, more conservative test, maximum concentra-

tions reached 58 percent or higher, except for one location where the increased free volume of air diluted

the CO 2 to 49 percent maximum. The average maximum CO 2 concentration for the rack was 58 percent
for the second test.

Table 4. CO 2 instrumentation and measurements for case 1.

TestArticle:MSRR-1 Rack TestDate:2/6/01 TestCase:1 (SPD MockupIn Place)

TestEngineer:DaveMclntosh,544-1314 TestRequester:Paul Wieland, 544-7215

Safety Representative:Lisa Miller Notes:
TestData

CO2 Concentrations(% At TimeAfterTesl Start)
Max. Coordinates,cm (in)

SensorNo. C02Sens°rL°cati°n lOs 20s 30s 40s 50s60s 90s 120s100s240s Conc. x,y,z

1 FrontplaneaboveSPD 38 55 60 57 32 12 4 0 0 0 60 20, 185, 14
(8, 73, 5.5)

2 Frontplane to right of MSL furnace 28 50 58 60 60 50 10 5 2 1 61 94,113,25

(at45 s) (37,44.5, 10)

3 Frontplanebelow VASshelf 38 55 61 60 58 54 30 8 2 1 61 6, 43, 19
(2.5, 17, 7.5)

4 CenterplanebelowMSL 26 50 58 59 59 58 54 35 8 4 59 94, 66, 37
(37, 26, 14.5)

5 CenterplaneaboveTECSshelf 30 51 58 60 59 59 50 31 10 5 60 25, 81,43
(9.75, 32, 17)

6 Centerplane to left of MSLbox 35 54 60 60 60 59 47 22 7 4 60 56, 154,42
above furnace (22, 60.5, 16.5)

7 Backplanebetweenrouting 30 50 58 61 62 61 62 62 61 59 62 86, 182,66
simulator and MSL box (34, 71.5, 26)

8 BackplanebehindSPD 33 53 60 61 60 60 59 56 48 30 61 30, 137,52
(12, 54, 20.5)

9 Backplanebehind lower interface 38 55 60 61 58 57 54 38 12 6 61 47, 10,44

panel (18.5, 4, 17.5)

Average for Rack 61
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Table 5. CO 2 instrumentation and measurements for case 2.

Test Article: MSRR-1 Rack Test Date: Test Case: 2 (SPD Mockup Removed)

Test Engineer: Dave Mclntosh, 544-1314 Test Requester: Paul Wieland, 544-7215

Safety Representative: Notes:
Test Data

CO2 Concentrations (% At Time After Test Start)

Max. Coordinates, cm (in)
SensOrNo. CO2 Sensor Location 10 s 20 s 30 s 40 s 50 s 60 s 90 s 120 s 180 s 240 s Conc. x, y, z

1 Front plane neartopof rack 7.0 21.0 35.0 45.0 48.0 41.0 13.0 5.0 1.0 0.0 49.0 20,185, 14

on left side (at 45 s) (8, 73, 5.5)

2 Front plane to right of MSL furnace 30.0 49.0 56.0 59.0 59.0 52.0 11.5 5.0 2.5 0.0 59.0 94,113,25

(37, 44.5, 10)

3 Front plane belowVAS shelf 38.5 55.5 59.0 57.0 55.5 55.0 31.0 8.5 2.0 0.0 59.0

4 Center plane below MSL 27.0 48.5 56.5 58.0 57.5 57.0 49.5 26.0 8.0 4.0 58.0 94, 66, 37

(37, 26, 14.5)

5 Center plane above TECS shelf 20.0 47.5 57.0 59.5 58.5 59.0 54.5 36.5 11.5 4.0 59.5 25, 81,43

(9.75, 32, 17)

6 Center plane to left of MSL box 24.0 45.0 54.5 58.0 58.5 58.5 51.0 27.0 7.5 4.0 58.5 56,154, 42

above furnace (22, 60.5, 16.5)

7 Back plane between routing 19.0 42.0 53.0 58.0 59.0 59.5 60.0 60.0 59.5 58.5 60.0 86,182, 66

simulator and MSL box (34, 71.5, 26)

8 Back plane at rear of experiment 37.0 54.0 59.0 60.0 59.0 59.0 56.5 51.0 30.0 15.0 60.0 30,137,52

space on the left (12, 54, 20.5)

9 Back plane behind lower interface 30.0 51.5 58.5 59.0 57.0 56.0 53.5 36.0 15.0 7.0 59.0 47,10,44

panel (18.5, 4, 17.5)

Average for Rack 58.0
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Figure 16. CO 2 concentrations for case 1 with SPD simulators.
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Figure 17. CO 2 concentrations for case 2 without SPD simulators.

The correlation of the flowpath lengths and tortuousness with the maximum CO 2 concentrations

at each sensor location were also investigated. As shown in table 6, there is no distinguishing effect due

to path length or the bends in the flowpath. Sensor location No. 4 is located 65 cm (26 in) from the PFE

nozzle tip during discharge with a relatively straight flowpath, yet has the lowest maximum CO 2 concen-

tration. Conversely, sensor location No. 7 is located 130 cm (51 in) from the PFE nozzle tip with a

moderately tortuous flowpath, yet has the highest maximum CO 2 concentration. This indicates that other

factors are much more important than flowpath length and form.
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Table6.Correlationof flowpathlengthandtortuousnesswith maximumCO2concentration.

SensorNo.

StraightLine Distance
FromAccessPort

cm in

111 44

70 28

47 18

65 26

38 15

87 34

130 51

76 30

76 30

PathDescription

Sharpbends (60° to >90°)

Shallowbends(0° to 30°)

Sharpbends (60° to >90°)

Shallowbends(0° to 30°)

Sharpbends (60° to >90°)

Sharpbends (60° to >90°)

Moderatebends (30° to 60°)

Sharpbends (60° to >90°)

Shallowbends(0° to 30°)

MaximumCO2
Concentration(%)

Case1 Case2

60 49.0

61 59.0

61 59.0

59 58.0

60 59.5

60 58.5

62 60.0

61 60.0

61 59.0

The temperature and pressure data axe plotted in figures 18-20. The PFE gets very cold, with

temperatures dropping to <0 °C (32 °F) during discharge. The temperature of the TECS shelf dropped

to near 0 °C (32 °F). The pressure in the rack changed very little during discharge of the PFE, due to the

relatively large area of openings in the rack shell. Pressure data for the second test is not plotted because

it is virtually indistinguishable from the pressure plots for the first test (for more information see ref. 6).
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6. CONCLUSIONS AND BENEFITS FOR FUTURE PAYLOAD OR SYSTEM RACKS

Several conclusions can be reached based on the results of the MSRR-1 testing, and by compar-

ing these results with results from previous fire suppression testing. The following conclusions can be

used with future payload or system racks to determine, without additional testing, whether fire suppres-

sant distribution requirements can be met:

• The MSRR-1 will meet the requirements for fire suppressant distribution.

• Primary factors that affect the ability to meet the CO 2 distribution requirements axe:

- The free air volume in the rack

- The total area and distribution of openings in the rack shell.

• The length and degree of tortuousness of the suppressant flowpath have little correlation

with CO 2 concentration.

By comparing the results of this MSRR-1 testing with the results of previous testing on non-

ARIS racks such as the SSFF, it can be deduced that a variety of rack configurations with more free air

volume or greater area of holes in the rack shell than MSRR-1 will meet the requirements for CO 2

dispersal and concentration. Such comparison leads to the following conclusions that can be useful

in evaluating future ISPR configurations:

• The total area of holes and gaps in the rack shell could be significantly increased.

For non-ARIS racks with holes totaling 123 cm 2 (19 in2), the average maximum CO 2 concen-

tration was 63.8 percent, whereas an ARIS rack has holes totaling 275 cm 2 (43 in2) and an average

maximum CO 2 concentration of 61 percent. A conservative extrapolation indicates that a hole area of

400 cm 2 (62 in2) could be accommodated, providing that the free air volume is no more than 1.26 m 3

(44.3 ft3), and still achieve a maximum CO 2 concentration of at least 50 percent.

• The free air volume could be significantly increased.

For MSRR-1 test case 1, the free air volume was 1.21 m 3 (42.7 ft 3) and the average maximum

CO 2 concentration was 61 percent; whereas for test case 2, the free air volume was 1.26 m 3 (44.3 ft 3)

and the average maximum CO 2 concentration was 58 percent. A conservative extrapolation indicates that

a free air volume of 1.4 m 3 (49.4 ft 3) could be accommodated, providing that the total area of holes and

gaps is no more than 275 cm 2 (43 in2), and still achieve a maximum CO 2 concentration of at least

50 percent.
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• Longerormoretortuousflowpathshavelittle impactontheaveragemaximumCO 2

concentration.

No significant correlation could be made between flowpath characteristics and average maxi-

mum CO 2 concentration, implying that path length and severity of bends can be increased considerably

and still meet the requirement, so long as flow is not completely blocked.

• The PFE nozzle should be inserted to the stop on the nozzle, which helps seal the gap around

the nozzle in the access port, to ensure the highest maximum CO 2 concentration.

Testing on the SSFF indicates that inserting the PFE nozzle completely to the stop results

in a 1.4 percent higher average maximum CO 2 concentration.

While additional testing would be required to establish statistical validity of these conclusions,

they can serve as guidelines for evaluating future racks to determine whether testing is warranted for

verifying compliance with fire suppressant distribution requirements. For any future testing of ISPR

configurations, it is recommended that quantitative information be collected on the volumes and loca-

tions of components, the free air volume in the rack, the areas and locations of gaps and holes in the rack

shell and their total area, the CO 2 monitoring locations, and flowpath length and characteristics from the

fire suppressant access port to the monitoring locations.
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APPENDIX AmFIRE SUPPRESSANT DISTRIBUTION TESTS ON OTHER RACKS

Numerous fire suppressant distribution tests have been performed for the Space Station program

by Boeing and NASA, including tests on system racks, payload racks, module standoffs, and module
end cones. The available information on the rack tests is described below. The rack tested that is most

similar to the MSRR-1 is the SSFE 7 Additional racks that were tested include the Atmosphere Revital-

ization (AR) rack, the Avionics rack, the Expedite the Processing of Experiments to the Space Station

(EXPRESS) rack, and the Temperature and Humidity Control (THC) rack.

Limited quantitative information is available on the configurations of these racks during fire

suppressant distribution testing. The total area and distribution of holes and gaps in the rack shells as

well as the volumes of the component simulators and their distributions axe not known quantitatively.

Therefore, it is necessary to make some assumptions in order to compare results with the MSRR-1.

The validity of the comparisons thus depends on the accuracy of the assumptions. It can be assumed

that the free volume of the other racks is similar to the MSRR-1 with the SPD EM, and that the area

and distribution of gaps and holes in the rack shell is similar to that of a standard non-ARIS rack.

A.1 Space Station Furnace Facility Fire Suppressant Distribution Test Results (1996) 7

The SSFF rack (fig. 21) was a standard ISPR (non-ARIS); however, an aluminum version was

used rather than a composite version. The total area of holes and gaps may therefore differ somewhat

from a standard composite ISPR. The distribution of the holes and gaps is unknown quantitatively.

The locations and distribution of the CO 2 sensor tubes are known.

The locations of the CO 2 sensors axe listed in table 7, and the maximum CO 2 concentrations

for each of two test runs axe listed in table 8. To compare these results with the MSRR test results,

several assumptions can be made:

• The area of holes and gaps in the rack shell is similar to that of a non-ARIS rack.

• The total volume of component simulators appears to be somewhat greater than

for the MSRR-1. Therefore, there is somewhat less free air volume.

• There axe numerous flowpaths for rapid dispersion of CO 2 throughout the rack.
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Figure 21. SSFF core rack mockup.

Table 7. SSFF CO 2 sensor locations.

SensorNo.* x(cm) y(cm) z(cm) x(in) y(in) z(in)

1

2

3

4

6

7

8

9

10

11

12

88.0

24.0

77.5

94.0

16.5

25.0

95.0

0

9.0

96.5

4.0

30.5

41.0

109.0

188.0

133.0

140.0

27.0

99.0

76.0

80.0

175.0

34.0

90.0

32.0

19.0

89.0

43.0

8.0

37.0

65.0

16.5

7.5

34.5

9.5

30.5

37.0

6.5

10.0

37.5

0

3.5

38.0

1.5

12.0

16.0

43.0

74.0

52.5

55.0

10.5

39.0

30.0

31.5

69.0

13.5

35.5

12.5

7.5

35.0

17.0

3.0

14.5

25.5

6.5

3.0

*Sensor No. 5 not working
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Table 8. SSFF maximum CO 2 concentrations (percentage).

Sensor TestRunNo. 2

1

2

3

4

6

7

8

9

10

11

12

63.5

66.0

64.0

62.25

65.0

63.0

63.0

64.5

65.0

65.0

60.5

No. TestRun No. 1

68.0

68.0

67.0

55.0

68.0

65.0

66.0

67.5

66.0

66.5

60.25

65.2Average 63.8

The SSFF test was performed twice, first by inserting the PFE nozzle to the stop, which seals

the access port, and then by inserting the PFE nozzle =8 cm (3 in). The average maximum CO 2 concen-

tration was 65.2 percent for the first case and 63.8 percent for the second case. This decrease of

1.4 percent may be due to measurement uncertainty, or due to CO 2 escaping through the access port, or

both. Since the PFE nozzle was inserted =8 cm (3 in) for the MSRR-1 test, the second SSFF test is a

better comparison. The average maximum CO 2 concentration for MSRR-1 with the SPD EM was

61 percent, =2.8 percent less than for the SSFE Assuming that the primary difference between the SSFF

and MSRR-1 is the increased area of holes due to the ARIS, the results indicate that even though doubling

the area of holes has a noticeable effect, the requirement would be met even if the area was considerably

more. This is comparable to the effects of removing the SPD EM simulators, which increased the free

air volume by 0.045 m 3 (1.6 ft3). Though the sensor located in the open volume only reached

49 percent CO 2, the rack average was 58 percent, indicating that even with additional free volume the

requirement would be met. This result also indicates the importance of flowpaths, since the TECS shelf

simulator blocked direct flow of CO 2 to the Alpha EM volume. If the TECS shelf simulator had been

more accurate, with holes, then that location would likely have exceeded 50 percent CO 2 concentration
as well.

A.2 Atmosphere Revitalization Rack Fire Suppressant Distribution Test Results (6/24/96)

Limited information is available on the configuration of the AR rack during fire suppression

testing. Table 9 lists the locations of the CO 2 sensors and table 10 lists the maximum CO 2 concentration.

Figures 22-24 show the results of the three test runs.
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Table9. AtmosphererevitalizationrackCO2sensorlocations.

SensorNo. x(cm) y(cm) z(cm) x(in) y(in) z(in)

1

2

3

4

6

7

8

9

10

11

12

87.5

33.0

31.0

12.5

25.0

73.5

68.5

69.5

73.5

43.0

30.5

156.0

158.0

159.5

121.5

86.5

39.5

78.5

148.5

138.0

138.0

37.5

21.5

8.0

56.5

61.0

40.5

22.0

54.0

46.5

75.0

24.5

48.5

34.4

12.9

12.2

5.0

9.9

29.0

27.0

27.4

29.0

16.9

12.0

61.4

62.2

62.8

47.8

34.0

15.6

30.9

58.5

54.3

54.3

14.8

8.4

3.1

22.3

24.0

15.9

8.6

21.2

18.4

29.5

9.6

19.0

Table 10. Atmosphere revitalization rack test maximum CO 2 concentration (percentage).

SensorNo.

1

2

3

4

5

6

7

8

9

10

11

12

TestCaseNo.3a

TestRunNo. 1

(7/2/96)

59

59

58

58

61

60

60

61

61

59

NA

60

TestCaseNo.3b

TestRunNo.2

(7/3/96)

6O

62

62

62

64

61

63

61

64

6O

NA

64

Average 59.6 62.1
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Figure 23. CO 2 concentrations for the AR rack test case No. 3b, test run No. 1.
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A.3 Avionics Rack Fire Suppressant Distribution Test Results

Several fire suppression tests were performed on the avionics rack. Unfortunately, information

on the configuration of the avionics rack (volumes and distribution of volume simulators, areas of gaps

and holes, flowpath limitations) for these tests is not currently available. The locations of the CO 2
sensors are listed in table 11. Results of four tests axe listed in table 12. The two runs of test case No. 5a

show good repeatability, with <1 percent difference in the average maximum concentration for the rack.

The second run of test case No. 5b is also within this difference, though sensor 12 apparently stopped

functioning. The first run of test case No. 5b showed significantly lower concentrations, possibly due to

insufficient filling of the PFE or some undescribed malfunction.

Table 11. Avionics rack CO 2 sensor locations.

x y z
SensorNo. cm (in) cm (in) cm (in)

1

2

3

4

6

7

8

9

10

11

12

74.0 (29.0) 34.0

97.0 (38.0) 163.0

46.0 (18.0) 105.0

67.0 (26.3) 57.0

23.0 (9.3) 41.0

50.0 (19.7) 178.0

41.0 (16.0) 124.0

28.0 (11.0) 81.0

83.0 (32.5) 94.0

51.0 (20.0) 48.0

53.0 (21.0) 16.5

(13.5) 34.3

(64.0) 27.3
(41.5) 50.8
(22.5) 14.6

(16.0) 29.2
(70.0) 30.5

(48.7) 77.5
(32.0) 58.4
(37.0) 67.3

(19.0) 85.1
(6.5) 34.3

(13.5)

(10.7)

(20.0)

(5.7)

(11.5)

(12.0)

(30.5)

(23.0)

(26.5)

(33.5)

(13.5)

28



Table 12. Avionics rack maximum CO 2 concentration (percentage).

TestCase No. 5a TestCaseNo. 5a TestCaseNo. 5b TestCase No. 5b
TestRunNo. 1 TestRun No. 2 TestRun No. 1 TestRun No. 2

Sensor No. (7/19/96) (7/19/96) (7/19/96) (7/19/96)

1

2

3

4

6

7

8

9

10

11

12

56

56

56

52

56

55

57

56

58

57

58

55

58

55

52

56

54

56

54

56

55

56

50

52

50

51

52

50

52

46

50

49

48

57

58

57

57

56

56

57

52

57

55

NA

Average 56.1 55.2 50 56.2

A.4 EXPRESS Rack Fire Suppressant Distribution Test Results

The EXPRESS rack (shown in fig. 25) is designed to accommodate different payload configura-

tions, allowing a variety of payload experiments to be installed in drawers or Shuttle "middeck-type"

lockers to accommodate payloads designed for the Shuttle. The test configuration included eight

middeck lockers and two drawers (8/2 configuration). Volume simulators of the AAA and major rack

subsystems were installed and a Plexiglas ® sheet covered the rear access opening. Nine CO 2 sensors

were installed as shown in figure 25 and as described in table 13. During testing, the rack was laid on its

starboard (right) side. This is a depaxture from the usual practice of laying a rack on its back for fire

suppressant distribution testing. The fire suppressant access port is located on the lower connector panel,

across the middle of the rack face, below the middeck lockers and above the drawers.

No. 1 Fire Detection

Assembly (FDA). 7 MDL

No. 2
Outboard

No. 9 AAA

No. il
Control Module
(SSPCM) No. 3 Rack Floor

No. 4

Connector !

Io. 6 MDL 7

Figure 25. EXPRESS rack configuration during testing.
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Table 13. EXPRESS rack CO 2 sensor locations.

SensorNo. SensorLocation

FDA--IO cm (4 in)above intercostal

AAA--midpoint of outboard side

Rackfloor--midpoint

Behind lowerconnector panelbetweenPayloadEthernet

Hub Bridgeand ExpressMemory Unit

SSPCM--midpoint of upperside

MDL No.7--inside at front of locker

MDL No.1--inside at front of locker

Drawer No.1--inside at front of drawer

AAA--midpoint of inboard side

Results of the testing are shown in table 14. Two runs were performed to evaluate the repeatabil-

ity of the discharge effects. The average maximum CO 2 concentration for the first rtm was 75.8 percent

and 74.7 percent for the second run.

Table 14. EXPRESS rack maximum CO 2 concentrations.

SensorNo. RunNo. 1 RunNo.2

75.5

84.0

77.0

80.0

79.0

76.0

67.5

67.0

76.5

76.0

83.0

77.5

78.0

68.5

75.5

68.0

68.0

78.0

Average 75.8 74.7

MassDischarged, 2.61 (5.76) 2.54 (5.59)
kg (Ib)

Comments None Nozzlepointed

slightly down
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A.5 Temperature and Humidity Control Rack Fire Suppressant Distribution Test Results

Details of the configuration of the THC test rack are not available; however, reviewing the results

provides some useful information. Table 15 summarizes the results of testing the THC rack with two

cases. Repeated runs of the same case condition show repeatability within 2 percent. Sensor No. 5 was

not functioning and for the third run of test case No. 4a, readings from three additional sensors were not

available. Two of the three sensors that were not available were probably low in the rack and therefore

gave higher than average readings. The differences between test case Nos. 4a and 4b axe not known (they

may be related to the depth of nozzle insertion), but the average maximum CO 2 concentration is 2.5 to

3 percent less for test case No. 4b, but still well over the 50-percent requirement.

Table 15. Temperature humidity control rack test results.

Sensor
No.

1

2

3

4

5

6

7

8

9

10

11

12

Average

MaximumCO2 Concentrations(%)

TestCaseNo.4a, TestCaseNo.4a, TestCaseNo.4a, TestCaseNo. 4b, TestCaseNo. 4b,
TestRunNo. 1 TestRunNo. 2 TestRun No.3 TestRunNo. 1 TestRunNo.2

7/11/96 7/11/96 7/15/96 7/15/96 7/15/96

57

56

63

75

NA

64

57

61

62

65

62

65

50

58

64

74

NA

64

52

62

64

64

62

64

52

58

62

68

NA

64

54

62

64

NA

NA

NA

52

58

61

64

NA

62

56

60

62

62

60

62

53

58

59

62

NA

60

54

59

60

60

59

60

62.5 61.6 60.5 59.9 58.5
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